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Magnetization indc magnetic fields and at different temperatures has been measured on the
antiperovskite LiPdB with a cubic structure composed of distortedgBdoctahedrons. This
material was recently found to exhibit superconductivity at 7—8 K. The critical fid|d€) and

H(0) are determined to be 135 Oe and 4 T, respectively. Critical current density, scaling of the
pinning force within the Kramer model, and irreversibility field data are presented. Several
superconductivity parameters were deduced: Coherence |&xfitil nm, penetration depth

=194 nm, and Ginzburg—Landau paramete=21. The material resembles other boride
superconductors from the investigated points of view2@4 American Institute of Physics
[DOI: 10.1063/1.1814433

We have recently found superconductivity below 7—8 K(HTS) when a nonintrinsic pressur@xternal pressure or
in the cubic LpPd;B compound: The material is a boride chemical pressuyds applied.
and the constituent elements are an alkaline element, Li and Material was synthesized by arc melting employing a
a late transition element, Pd. None of these elements hauwwo-step procedure: First, ingots of J&dalloy were pre-
been reported to be included in the binary or ternary boridgared, and second, they were melted together with the Li
superconductors as base ones, although the alkaline earthgtal. The resulting material is the,BPidsB superconductor.
Mg, is a component of MgBwith the surprising highr, of Details on processingT,, and the structure of the as-
39 K, and Pd belongs to the platinum group of elements thaprepared superconductor are given elsewhere.
are usually included in the boride superconductors Magnetization loopsM(H) taken at different tempera-
(Ru,Rh,Os,Ir, and |§>,12 Also of interest is that Pd is a base tures are presented in Fig. 1, while the magnetization curves
element of the boride carbide compound Y —&-Cshow-  versus temperaturi(T), measured for several magnetic

ing the maximumT, of 23 K (Ref. 3 in this class of super- fields, are presented in Fig. 2. Upper critical fic{ld(’;’;”
conductors. was determined as the point where Mé€H) loops reach the

In this letter, we present the magnetization measurebackgroundFig. 1 inset(a)]. Upper critical field HY ) was
ments performed by a superconducting quantum interferencglso estimated considering the onset point of the supercon-
device magnetomet¢Quantum Design 5)Twith the purpose  ducting transition of theVi(T) curves(Fig. 2). Variation of
of extracting the data on critical fields, critical current, and HQ"{H and HQ"{T, as a function of temperature, is shown in
superconductivity parameters. Evaluation ofRd;B against  Fig. 3. From the linear fitting of the experimental points, at
other superconductors is important for the generation of di-
rections in the search for superconductors, e.g., targeting
higherT,, as well as for a better understanding of supercon-
ductivity. The idea is that this compound has a cubic antiper-
ovskite structuré composed of distorted BB octahedrons
centered by boron. It resembles metal oxide superconductors,
such as the higf; ones, ruthenates, bismuthates, and so-
dium cobaltates, in which metal atoms are surrounded by
oxygen in an octahedral arrangementRd;B is also inter-
esting from another point of view. This material is another
example of a perovskite nonoxide superconductor containing
octahedral units, such as Mgidi (Ref. 5 (T.=7.6 K), but
while the structure of MgNC is very symmetrical, in
Li,Pd;B a distorted structure is present. According to Sardar
and S& from the theoretical point of view, this distortion
might be important for the occurrence and/or control of su- L
perconductivity, i.e., this intrinsic distortion can produce -40000  -20000 0 20000 40000
self-doping of the material toward the formation of super- H (Oe)
conductivity or modification of the critical temperaturg in

a similar manner as in high-temperature superconductdfiG. 1. Magnetization loopM(H) at 2, 3, 4, 5, 6, and 7 K for the jPcB
bulk sample. Inset&) and(b) show details of the same curves at high and
low magnetic fields, respectively. Inge) shows aVi(H) loop at 2 K for the

3Electronic mail: p.badica@imr.tohoku.ac.jp sample in the powdered state.
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FIG. 2. Magnetization curves vs temperature for different applied magnetic & 10
fields. The inset gives detail showing the variation in the onset of the dia- o
magnetic signal. e o
0 1 2 3 4
T=0 K, H%* andHY " are 5 T and 5.2 T, respectivelFig. HM

3]. These values are comparable with the 6.2 T value detef; 4 ciitcal current density vs applied magnetic figdtfor the Li,P,
mined fronf measurements of electrical resistance in Magsample in the powder and bulk states and Kramer cuipsor different
netic fields: In the following calculations, we have used the temperatures of 2, 3, 4, 5, 6, and 7(te curve for the highest temperature
intermediate curve, i.e., that ftbfﬁ"{T. In this case, the abso- is closer_ to the left low corner of the_ p)oﬂ'h_e_inset presentszthe scaling of
lute value of the initial slopelHe/dT is 0.7 T/K and is not the pinning force. The dashed line is the fitting with1-h)”.
far from the value 9.8 T/K for the Pd-containing boride—
carbide Y-PdB-C. Assuming the Werthamer—Hefland— | 2 ool :

ower than for MgB,” but is slightly higher than for the
Hohemberg formulaH5(0)=0.691X (dHc,/dT)y T.,” we Re—boride superconductof§0—80 0¢.*! From H,,;(0) and
obtain an upper critical fieltH.,(0) of apzproxmatel_y 4T. ¢ the penetration depth can be calculated to\bel94 nm,
From the upper critical fieldHq,=®/2m¢", whered is the — py the formulaH ., =(dy/4mA?)IN(\/E). This value is similar
f_llgxlquant_lr,lﬂ? Wel ha\(e gxt_rlacted '\;If;%cl:orlerencr:]e lenggh, to the high limit of the\-interval for Mng) (Ref. 2 and is
=9.1 nm. This value Is similar to Itis 'Et € UPPET comparable to. for MgNizC (A=248 nm.™ The Ginzburg—
!|m|t of the &interval for the boride Carb'dg(?{G nm), I Landau parametek=\/£=21. The extracted value is be-
IS almost double that of MghC (524:6 nm™""and is con- tween the values reported for boride superconductor8Re
siderably larger than the values estimated for HTS cuprate(qqef_ 11) with hexagonal structuréx=17) and ReB (Ref.

(typically 2 nm. ) ; - . -
Another important parameter characterizing supercon-ll) with orthorhombic structurd«=35), and is approxi

hot patati’ mately two times lower than for M =541
ductivity is the lower crmcal fieldH.,. Values ofH; were C?/itical current density.] versgulgsmrg; ne)tic field was
taken as the field for which thil(H) curve starts to deviate valuated usina Bean mo)é%C[,J —30AM/d gwhered s the
from the linear behavior generated by perfect diamagnetisnﬁ 9 c” '

: . . iameter of the bulk sample in our case presented in Fig.
[Fig. 1 inset(b)]. Data are plotted versus temperature in the .
inset of Fig. 3. Fitting withH; =H;(0)[1-(T/T,)?] results 4(a). The values of], are relatively low(e.g.,J.(0 T,2 K)

— 2
in H,1(0)=135 Oe andl,=7.5 K. The value ofT, from fit- =5x10° A/cn). The reason seems to be the presence of
. ; . . cracks. To check this assumption, we measurad(d , 2K)
ting agrees relatively well with the experimental value of

7.8 K. The value oH.(0) is considerably lower than for the loop on part of the bulk sample after it was crushed into

boride—carbide superconductaasound 800 OF with high powder[Fig. 1 inset(c)]. The resulting powder as well as the
T, is comparable to values measured for Mgbli surface of the initial sample, showing cracks, can be seen in
[o3)

10 : : . Fig. 5. The curve ofl, for the powder sample, considering

(100 Og™" and is also approximately two to three times the average grain siz=20 um in the Bean model, is plot-
ted in Fig. 4a. The value of J(OT,2K) is 6
X 10* A/cm? for the powder sample. An optical microscopy
image on the polished cross section of the bulk safiple
dicates that the domains between the cracks are approxi-
mately five to ten times smaller than the size of the sample.
Therefore, if, in the Bean model, calculation is done by using
the size of these domains, the valuesgd T) will be close
to those observed for the powder sample. This suggests that
the observed discrepancy in the valuegdois not due to the
“weak links” problem as it is for higfi-, superconductors.

Moreover, the Kramer curve®"H%?YH) (Ref. 13 from
Fig. 4(b) are approximatelby linear it and are similar to
NbsSn(Ref. 14 and MgB,,* considered without weak links.
Scaling with the classit®3(1-h)? function of the flux pin-

FIG. 3. Critical fields vs temperature. ning force,F,=J.uoH, is found within the whole measured
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sons for the difference in behavior of th&,, in classic su-
perconductors and HTS are discussed in the review afficle.
In summary, we have characterized,RitB compound

using magnetization measurements. The material is shown to
be a classic intermetallic boride superconductor from the in-
vestigated points of view. On the other hand, the lack of
weak links, as in the classic superconductors and structural
features similar to HTS, increases expectations of identifica-
tion of directions in the search for superconductors with im-
proved characteristics. $Pd;B might be especially impor-
Cip v tant because, together with Mgjdj, it can be viewed as a
)% 10um WD 3dmm bridge between HTS and conventional intermetallic super-

PRy <7 conductors. However, more experiments are necessary in or-
der to establish the nature of the superconductivity in
Li,Pd;B.
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(SEM) measurements, and K. Hirata of NIMS and L. Miu of
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